INTRODUCTION
Osteoarthritis is a degenerative disease affecting approximately 30 million Americans. [1] [2] [3] A leading cause of disability worldwide, 4 osteoarthritis poses significant economic strain. Patients often face either surgical interventions or the burden of debilitating joint pain, weakness, and loss of function if symptoms cannot be effectively managed. [5] [6] [7] [8] [9] [10] [11] [12] While physicians generally recommend pharmacotherapy for osteoarthritis, concerns over its limited effectiveness and associations with adverse events are growing. Collectively, these concerns have reduced public confidence in use of pharmaceuticals for osteoarthritis and increased interest in therapies perceived to be safer. [13] [14] [15] Massage therapy is one of the most popular complementary medicine interventions: in 2012, 15.4 million Americans reported using massage for osteoarthritis. [13] [14] [15] [16] [17] [18] [19] [20] Despite its widespread use, only a small body of research exists exploring massage efficacy to improve osteoarthritis symptoms. In 2006, we first reported results of a pilot study of massage for knee osteoarthritis. 19 Subjects receiving massage demonstrated significant improvements in pain, stiffness, and physical function at 8 weeks, with some positive effects persisting to 16 weeks.
We subsequently developed a formal protocol 21 for the massage intervention and tested it in four 8-week Bdoses^of varying frequency and duration to determine an optimal, practical dose for adults with knee osteoarthritis. Our randomized controlled trial (RCT) demonstrated that a 60-min weekly dose was clinically superior compared to 30-min doses (weekly or biweekly) and similar to 60-min biweekly doses. 22 Here, we report on a multisite RCT with a primary aim of assessing efficacy of 8 weeks of 60-min weekly Swedish massage compared to light-touch and usual care in 222 adults with knee osteoarthritis. Secondary aims were to assess long-term effects of 8 weeks of massage and the utility of lower-dose Bmaintenance^massage.
METHODS
Eligible participants were individuals with radiographically established knee osteoarthritis who met American College of Rheumatology criteria, 23 were at least 35 years old, and had a baseline score of 40-90 (out of 100) for knee pain on the visual analog pain scale. Subjects using non-steroidal anti-inflammatory drugs or other analgesics were included if their doses remained stable for 3 months prior to the intervention.
People with serious medical conditions, dual knee replacement, recent use of corticosteroids or hyaluronate, knee arthroscopy or knee injury within the past year, or regular use of massage therapy were excluded.
Recruitment took place between June 2012 and May 2014 at Duke University (Durham, NC), Rutgers University (Newark, NJ), Atlantic Health System (Morristown, NJ), and Griffin Hospital (Derby, CT) through flyers, newspaper advertisements, and press releases. Informational letters were sent to patients who responded to these advertisements or were referred from rheumatologists and primary care physicians at the respective locations.
Those who passed screening, provided physician confirmation of osteoarthritis, and consented were randomized. All study materials were approved by the Institutional Review Boards of participating sites. All subjects received gift certificates for 3 future massages as compensation for their participation.
Randomization
Subjects (n = 222) were randomized to one of 3 study arms: massage, light-touch, or usual care, using a permuted design in a 1:1:1 ratio and stratified by site and baseline body mass index (BMI < 30 vs. > 30). A second randomization was performed for the massage and light-touch groups following the 8-week assessment, where subjects were assigned in a 1:1 ratio at each site, stratified by baseline BMI, to continue with massage or light-touch (but biweekly), or no treatment (usual care) for the remainder of the study. All subjects initially randomized to usual care received weekly massage from weeks 25 to 32 and then were randomized to either biweekly massage or usual care for 16 weeks (data not included in this report). Block (6) random allocation sequences were generated by a statistician at the Yale-Griffin Prevention Research Center, given to unblinded research assistants who enrolled participants accordingly and reported allocation within 48 h. Subject participation, randomization, and flow are shown in Figures 1 and 2 .
Study Design and Intervention
The study was a multisite RCT designed to assess the initial and long-term effects of an 8-week course of weekly 60-min massages and the utility of biweekly maintenance dosing. Swedish massage was compared to weekly 60-min light-touch treatments (active control) and usual care (passive control) at 8 weeks (primary study endpoint), 16 weeks, and 24 weeks. For subjects who received the initial 8 weeks of massage, biweekly massage was compared to no further intervention (usual care) and to lighttouch followed by biweekly maintenance or no further treatment out to 52 weeks. Usual care was defined across the sites as a subject's typical care regimen for their osteoarthritis, provided that all subject inclusion and exclusion criteria were met. The usual care group received no intervention for the first 24 weeks of the study, then was crossed over to 8 weeks of massage, then was randomized to either maintenance massage or usual care for the remainder of the study (Fig. 2) .
The massage and light-touch groups were assessed at baseline and 8, 16, 24, 36, and 52 weeks. The original usual care group was assessed at baseline and 8, 16, and 24 weeks, then postcrossover to 8 weeks of massage, assessed at 32, 40, and 48 weeks (data post week 24, not shown). At each site, visits were scheduled by an unblinded research assistant, while study coordinators, blinded to treatment assignment, conducted assessments.
Participants randomized to massage received 60 min of whole-body massage, which followed the standardized protocol of our previous studies (Supplemental Table 1 ). 19, 21, 22 The light-touch protocol was developed by Patterson et al. to control for the non-active effects of massage therapy. 24 This protocol involves the massage therapist gently placing their hands in a specified sequence on the major muscle groups and joints of the participant for a total of 60 min. Massage therapists made clinical notes and signed a form after each treatment attesting to adherence to study protocols or noting deviations. The same massage therapists delivered both the massage and light-touch interventions. More information on intervention fidelity can be found in Supplemental Table 2 .
Study data were collected and managed using REDCap electronic data capture tools hosted at Duke University. Outcome Measures. Primary Outcome Measure. The primary outcome was the between-group change in the WOMAC Global score (0 to 100 scale; WOMAC Global). [25] [26] [27] The WOMAC subscales assess dimensions of pain, functionality, and joint stiffness through 24 questions (0 to 100 visual analog scale). It has been subjected to numerous validation studies 25, 26 and was successfully utilized in the pilot 19 and dose-finding studies.
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Secondary Outcome Measures. Secondary measures included pain as measured on the visual analog pain scale (0 to 100 scale; VAS) 28 and the NIH PROMIS Pain Interference Questionnaire, a validated 6-question scale extensively tested in adult populations for reliability and comparability to other pain measures. 29 Other outcomes were range of motion (ROM) allowed at the knee during flexion using a double-armed goniometer and 50-ft timed walk on a smooth level surface.
Statistical Analysis. Primary analyses assessed therapeutic effect at 8 weeks and secondarily maintenance effect at 52 weeks. Therapeutic effect analyses followed intention-totreat principles as closely as possible. Linear regression models were used to predict change in scores, adjusted for baseline, BMI (< 30/30+), and study site. Maintenance effect and therapeutic maintenance durability analyses were performed using modified intention-to-treat methodology and we used mixed model analysis with time invariant adjustment for BMI (< 30/30+), study site, and included participants as random intercepts. Time variant main effects included nominal occasion of measurement, randomization group, and randomization-by-occasion interaction terms. Additional exploratory analyses were performed to assess the combined therapy and maintenance effect (i.e., whole treatment effect) using linear regression to predict change in scores, adjusted for baseline, BMI (< 30/30+), and study site. Values are presented as predicted means with 95% confidence intervals unless otherwise stated. All possible pairwise contrasts were reported using uniform notation (A vs. B), where reported values represent the B from A difference term. Additional analyses compared rates of adverse events (AEs) and treatment discontinuation by treatment arm using Fisher's exact tests. p values and confidence intervals are unadjusted for multiple testing. All analyses were conducted in Stata/SE Version 14.0 (Stata Corp).
The sample size was estimated to provide ≥ 90% power to detect a minimum difference of 16.6 mm in WOMAC Exclusion criteria were as follows: previous diagnosis of osteoarthritis; age younger than 35 years; diagnosis of rheumatoid arthritis, fibromyalgia, and recurrent or active pseudogout; presence of cancer or other decompensating conditions; kidney or liver failure; asthma requiring the use of steroids or oral corticosteroids within past 4 weeks; use of intra-articular corticosteroids within the past 12 weeks; use of hyaluronate within the past 6 months; knee arthroscopy within the past year; knee replacement on study knee; significant knee injury within past 6 months; presence of a rash or open wound over the knee; current regular use of massage therapy.
between treatment groups, with maximum allowable type I error of 5% (adjusted for 3 pairwise comparisons at 5 time points). 19 A standard deviation of 21.0 mm in WOMAC and an attrition rate of 20% were used to compute the sample size.
RESULTS
Baseline characteristics of study participants are provided in Table 1 . WOMAC data was available for 79% (n = 175) of participants at the final assessment. Prescription medication and non-prescription pain medication usage were similar across groups (Supplemental Tables 3 and 4) . Dropout rates differed by treatment arm. By the end of the study (week 52), 8 subjects dropped out who had originally been randomized to the massage arm (10.81%), 25 from light-touch (34.25%), and 7 from usual care followed by 8-week massage (9.33%). Many light-touch participants dropped out because they did not feel the intervention was beneficial, while others stated reasons unrelated to the intervention. 
Weeks
Swedish Massage Versus Swedish Massage-Usual Care. At 52 weeks, the omnibus test of any group difference in the change in WOMAC Global from baseline to 52 weeks was not significant (p = 0.707, df = 3), indicating no significant difference in change between groups (Table 3) . Omnibus tests of any group difference in change from baseline to 52 weeks were not significant for any of the other outcomes, so pairwise tests of significance are not reported. Additionally, massage maintenance did not significantly improve WOMAC Global, subscale scores, VAS, ROM, timed walk, and PROMIS-PI Tscores beyond the first 8 weeks, and compared to massageusual care at 52 weeks (massage change vs. massage-UC change p value = 0.481) (Supplemental Table 5 ).
Adverse Events. One hundred thirty-five total adverse events were reported; 133 (98.5%) were rated mild or moderate, with 2 events rated severe. Only 1 severe event was determined to be likely resulting from the intervention (post-massage pain in subject's hip and thigh). Most commonly, mild and moderate adverse events were instances of knee pain following the massage or light-touch intervention and largely assessed as unlikely to be related to the intervention (e.g., common colds, bronchitis, minor car accidents, rashes, dental issues; Supplemental Table 6 ).
DISCUSSION
Our data indicate that 8 weeks of massage provided a statistically and clinically significant improvement of osteoarthritis symptoms. These results support findings from our earlier pilot study that demonstrated safety, feasibility, and potential efficacy of 8 weeks of massage in reducing pain, stiffness, timed 50-ft walk, and improving physical function, compared to a wait-list control in adults with knee osteoarthritis. 19, 22 We extend prior work by comparing massage to an active control and determining that a biweekly maintenance dose of massage maintained improvements in osteoarthritis symptoms at 52 weeks. Although mean group WOMAC for massage maintenance improved and massage followed by usual care got worse, this difference was not significant at 52 weeks with this sample size. Thus, while weekly massage provided more immediate clinically significant improvements in osteoarthritis symptoms at 8 weeks, massage and light-touch with or without biweekly maintenance showed similar improvements in WOMAC scores by the end of the study. The global WOMAC score has been validated for clinically significant change from baseline, but to our knowledge, has not been validated for clinical significance for between-group changes. 30 Angst et al. validated a 7-point or 12% change from baseline on a 0 to 100 global WOMAC scale as clinically significant. 30 If these criteria are applied to the between-group differences at 8 weeks in this study, massage compared to lighttouch (8.16 points and 17.2% difference) and massage compared to usual care (9.55 points and 20.9% difference), then the change in the massage group would be clinically significantly better than light-touch or usual care.
This study was designed with light-touch functioning as an active control for massage, providing relaxation, human touch, and interaction with a caring person, but no tissue manipulation. Our results suggest that light-touch may have significant therapeutic effects for individuals with painful knee osteoarthritis; however, reasons for this improvement are not well-understood. While the underlying mechanisms of massage-mediated improvements in osteoarthritis are not well-defined, preliminary studies suggest that massage may improve systemic immune and inflammatory profiles in healthy individuals. 31 Future studies including comparison of mechanical, biochemical, and immunological effects of massage versus light-touch in people with osteoarthritis may help to elucidate mechanisms and optimize interventions.
Effect sizes were large in the present study and were comparable to, or superior to, those seen in other trials conducted using non-pharmacological approaches in patients with knee osteoarthritis.
19, 32-39 Massage does not carry the adverse effects of many pharmacologic and invasive treatments. 6, 7, 12, 40, 41 While osteoarthritis treatment guidelines favor pharmacotherapy, 42 preferred treatments like NSAIDs and acetaminophen are frequently overused, increasing the risk of adverse effects such as gastrointestinal, cardiac, and renal complications. 43, 44 Such considerations argue for the use and study of non-pharmacological treatment approaches with advantageous safety and side effect profiles, promise of therapeutic efficacy, potential cost-effectiveness, and biological plausibility. Although the current analysis is limited in its ability to measure the long-term impact of massage on adverse medical events, the reduction in reported pain supports the potential that widespread adoption of this approach as a standard treatment could reduce reliance on pharmacotherapy.
Limitations
Study limitations include a relatively small and uniform sample. Despite conducting this study at geographically disparate sites, our sample was predominantly female and white. Although light-touch was described as a type of body work, it was difficult to blind our participants and massage therapists to the intended active intervention. Participant bias may have led to differential dropout rate and influenced estimates for the light-touch group, and it is possible that bias in the massage therapists could influence the administration of massage and light-touch. Between-group changes in WOMAC score have not been validated for clinical significance in this population, and criteria for evaluating these changes have varied; further investigation is warranted. Additionally, the study did not assess supplemental clinical data on study participants, such as comorbid conditions or psychological constructs that are common in patients with chronic pain (e.g., depression, anxiety, catastrophizing). These variables represent potentially important moderators of the treatment effect. 
CONCLUSIONS
This study demonstrated that a manualized protocol for a 60-min, whole-body Swedish massage, once weekly for 8 weeks, is safe and efficacious at reducing pain and increasing function in adults with knee osteoarthritis compared to an active control and usual care. Positive effects of 8 weeks of massage were quite durable without additional treatment. Long-term biweekly massage maintained gains from the initial 8 weekly treatments and had higher average global WOMAC score at all time points than without maintenance. However, due to significant improvements in all groups from baseline, massage maintenance was comparable to massage without maintenance and light-touch, with or without maintenance, at 52 weeks. Therefore, weekly massage can be used to facilitate more immediate improvement in symptoms of osteoarthritis, but maintenance biweekly massage did not provide significant additional benefit compared to no further therapy or to light-touch. This trial did not include a true usual care group beyond 24 weeks, so 8 weeks of weekly massage followed by biweekly maintenance compared to usual care alone at 52 weeks cannot be made. The safety and efficiency of symptom relief from 8 weeks of massage may allow individuals a more timely return to activities that enhance their quality of life and thus may be an attractive treatment option for many suffering from osteoarthritis of the knee.
Publisher's Note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations. 
